A case of near-cardiac arrest preceded by acute pulmonary hypertension during cementing of the femoral component of total hip replacement is presented. Treatment consisted of both epinephrine and nitroglycerin with normalization of hemodynamics within 1 h of the event. This is an unusual case where very rapid reversal of near-fatal profound pulmonary hypertension is seen without sequelae postoperatively. We are unaware of such cases in the literature. Given the setting in which it occurred and its relationship to cementing of the prosthesis, we believe this was most likely due to fat embolism syndrome.
Case report
A 71-year-old woman with a history of hypertension, glaucoma, and hypercholesterolemia underwent revision of a total hip replacement. Her anesthesia consisted of a combined spinal epidural upon which she received 15 mg of 0.5% bupivacaine with the spinal. The epidural catheter was not dosed. She was initially sedated with 9 mg midazolam and 50 mcg fentanyl. Sedation was maintained with a propofol drip at 30 mcg kg j1 h j1 during surgery. Hypotensive anesthesia as previously described was achieved with a blood pressure (BP) of 80-85/55 mmHg and heart rate in the 60 s bpm [1] . Her pulmonary artery pressure (PAP) was 22-25/7-10 mmHg until cementing of the femoral prosthesis when it rapidly increased to 70/35 mmHg while her BP dropped to almost 0 (Fig. 1) . She was immediately given 1 mg epinephrine followed by 20 2g nitroglycerin and her systemic pressure responded rapidly to 170/80 mmHg. The length of the femoral prosthesis was 250 mm. A 16-mm cement restrictor was inserted prior to cementing. The femoral shaft was not vented with a catheter. A pressurizing injection syringe was used to inject the femoral canal with three packets of methylmethacrylate cement. Within 1 h of the event, her PAP decreased to 27/13 mmHg, with a BP of 120/50 mmHg, and heart rate of 90 bpm. Her oxygen saturation was 100%. All other laboratory parameters including platelet count were normal. There was no change in her mental status. She was observed overnight in the recovery room where she remained hemodynamically stable. Chest radiograph or spiral CT scan were not performed because the patient was asymptomatic with normal arterial blood gas. The patient was subsequently discharged after an uneventful hospital course.
Discussion
This case is very interesting because the patient had an uneventful and full recovery postoperatively in spite of evidence of a near-fatal functional electrical stimulation (FES) occurring intraoperatively. Patterson et al. [2] reported seven cases of cardiac arrest during hip arthroplasty. Hypotension was accompanied by an increase in pulmonary pressure occurring either during the cementing phase or with hip relocation. Four of the seven died either in the operating room, or within 1 h of the end of surgery. The other three required several days of intensive care to recover from the insult. Fallon et al. also reported a case of intraoperative cardiac arrest during hip arthroplasty where the patient subsequently died 18 h postoperatively [3] .
The risk factors for FES include advanced age, osteoporosis, long-stem femoral component, several packets of methylmethacrylate (three or more), metastatic disease, and collagen vascular disorders [2, 4] . The manifestations acutely include a rise in pulmonary arterial pressure, and pulmonary vascular resistance [5] . This may be accompanied by an acute drop in blood pressure along with hypoxemia and cardiac arrest [6] . If the patient survives the initial insult, FES usually evolves into a second phase characterized by pulmonary dysfunction. This dysfunction may range from mild hypoxemia to overt acute respiratory distress syndrome. Furthermore, mental status changes varying from mild confusion to coma, and petechiae may also occur [7] [8] [9] . Risk factors in our patient included a long stem femoral component (usual length used is 119 mm), and three packets of cement. On the average, two packets of cement are used in the majority of patients.
Although our patient had all the initial signs of FES including cardiovascular collapse in the setting of an acute rise of PAP during cementing of the femoral component, she had full recovery of normal hemodynamics within 1 h of the event. Her hospital course was also uneventful. What allowed such rapid resolution of her symptoms without clinical sequelae is unclear. In dogs, intravascular fat has been shown to move through the pulmonary vasculature over the first 3 h after bilateral cemented arthroplasty [10] . Consistent with this theory is that fat has been noted to occur in the cerebral circulation during cementing of total hip arthroplasty [11] . In our patient, acute mechanical obstruction of the pulmonary vasculature by fat decreased over time, probably as a result of compressible fat moving through the lung.
The rapid resolution of the pulmonary artery hypertension and uncomplicated postoperative course in this patient could be attributable to several factors. First, the immediate administration of intravenous epinephrine resulted in a rapid resuscitation without the need for external chest massage or controlled ventilation. Second, nitroglycerine was given in an attempt to relieve the acute pulmonary hypertension. Its use has been advocated for the relief of pulmonary hypertension [12] . Nitroglycerin is known to convert to nitric oxide (NO), leading to vasodilatation [13] . Byrick et al. [10] has suggested that the vasoconstriction and inflammatory changes occurring in the later phase of FES may be suppressed by NO. Fahmy et al. [14] has shown improvement in elevated PAP occurring during orthopedic procedures with the use of inhaled nitric oxide. Whether nitroglycerin, which acts on vessels from its conversion to NO, helped in the resolution and eventual outcome of FES in this patient is of interest. In patients undergoing bilateral total knee replacement where the release of emboli intraoperatively is universal, it has been shown that pulmonary vasodilatation and recruitment of other capillary beds do occur at the time of tourniquet release [15, 16] . This may be the main mechanism by which patients are able to accommodate the burden of emboli. It is possible that nitroglycerin allowed our patient to vasodilate and recruit unused pulmonary capillaries, which led to the rapid resolution of the pulmonary hypertension. In an animal model, Byrick et al. [17] were unable to show any improvement from inhaled NO in the acute pulmonary hypertension or RV dilatation after cemented arthroplasty, although very large increases in pulmonary vascular resistance occurred. Further studies are needed to investigate the role of nitroglycerin or NO in the treatment of FES.
In conclusion, this is an unusual case of a patient who suffered near-cardiac arrest in the operating room at the time of prosthesis insertion during cementing, but had a rapid and full recovery immediately post insult without clinical sequelae. We were unable to find such cases in the literature with complete resolution of findings within an hour while using epinephrine and nitroglycerin as therapy. The possibility of FES should always be anticipated during operations such as revision arthroplasties and should be treated aggressively. The use of pulmonary artery catheter allowed for prompt diagnosis and treatment. Intravenous epinephrine and nitroglycerin appear to be an excellent treatment approach in these patients.
